THE EFFECT OF NISOLDIPINE AS COMPARED WITH ENALAPRIL ON CARDIOVASCULAR OUTCOMES IN PATIENTS WITH NON-INSULIN-DEPENDENT DIABETES AND HYPERTENSION

A BSTRACT
Background It has recently been reported that the use of calcium-channel blockers for hypertension may be associated with an increased risk of cardiovascular complications. Because this issue remains controversial, we studied the incidence of such complications in patients with non-insulin-dependent diabetes mellitus and hypertension who were randomly assigned to treatment with either the calcium-channel blocker nisoldipine or the angiotensin-converting-enzyme inhibitor enalapril as part of a larger study.
Methods
The Appropriate Blood Pressure Control in Diabetes (ABCD) Trial is a prospective, randomized, blinded trial comparing the effects of moderate control of blood pressure (target diastolic pressure, 80 to 89 mm Hg) with those of intensive control of blood pressure (target diastolic pressure, 75 mm Hg) on the incidence and progression of complications of diabetes. The study also compared nisoldipine with enalapril as a first-line antihypertensive agent in terms of the prevention and progression of complications of diabetes. In the current study, we analyzed data on a secondary end point (the incidence of myocardial infarction) in the subgroup of patients in the ABCD Trial who had hypertension.
Results
Analysis of the 470 patients in the trial who had hypertension (base-line diastolic blood pressure, у 90 mm Hg) showed similar control of blood pressure, blood glucose and lipid concentrations, and smoking behavior in the nisoldipine group (235 patients) and the enalapril group (235 patients) throughout five years of follow-up. Using a multiple logisticregression model with adjustment for cardiac risk factors, we found that nisoldipine was associated with a higher incidence of fatal and nonfatal myocardial infarctions (a total of 25) than enalapril (total, 5) (risk ratio, 9.5; 95 percent confidence interval, 2.3 to 21.4).
Conclusions
In this population of patients with diabetes and hypertension, we found a significantly higher incidence of fatal and nonfatal myocardial infarction among those assigned to therapy with the calcium-channel blocker nisoldipine than among those assigned to receive enalapril. Since our findings are based on a secondary end point, they will require confirmation. ARDIOVASCULAR disease accounts for 40 percent of overall mortality in the United States 1 and is the leading cause of death among persons with non-insulindependent diabetes mellitus (NIDDM). 2, 3 Strategies to reduce this risk include the appropriate treatment of hypertension. However, the choice of antihypertensive agents may also affect the risk of cardiovascular events. In this regard, the angiotensin-convertingenzyme (ACE) inhibitors have been demonstrated to increase survival after an acute myocardial infarction [4] [5] [6] and among patients with congestive heart failure. [7] [8] [9] Calcium-channel-blocking drugs are also indicated for the treatment of a variety of cardiovascular diseases, including angina pectoris, systemic and pulmonary hypertension, certain cardiac arrhythmias, and Raynaud's phenomenon. 10 ACE inhibitors have been shown to be effective antihypertensive drugs for both patients with diabetes and those without diabetes. Studies have demonstrated the efficacy of ACE inhibitors in slowing the progression of diabetic nephropathy in patients with insulin-dependent diabetes mellitus (IDDM) and possibly those with NIDDM. [11] [12] [13] [14] [15] At present, calcium-channel blockers are among the most frequently prescribed antihypertensive medications in the country. 10 However, although calcium-channel blockers are an important part of the therapeutic armamentarium against cardiovascular diseases, concern has been aroused about these drugs, particularly the short-acting dihydropyridine derivatives. Recent studies have focused attention on the possibility that some of these agents may increase the risk of cardiovascular events in patients without diabetes. [16] [17] [18] The Appropriate Blood Pressure Control in Dia-
The New England Journal of Medicine betes (ABCD) Trial was designed to test the primary hypothesis that intensive blood-pressure control, as compared with moderate control, would prevent or slow the progression of diabetic nephropathy, neuropathy, retinopathy, and cardiovascular events. 19 The secondary hypothesis was that a long-acting dihydropyridine calcium-channel blocker (nisoldipine) would have an effect equivalent to that of an ACE inhibitor (enalapril) in preventing or delaying the progression of these complications. The present study grew out of the recommendation of the Data and Safety Monitoring Committee that nisoldipine treatment be terminated in the subgroup of patients with hypertension. The committee's recommendation and this report were based on data from a mean of five years of follow-up on the effects of nisoldipine and enalapril on the incidence of cardiovascular events among patients with hypertension and NIDDM in the ABCD Trial. In our report we focus only on the findings of the interim analysis of data on the cohort with hypertension; the entire study is expected to be completed on June 1, 1998.
METHODS
Study Design
After the cohorts with and without hypertension were prospectively defined, patients were randomly assigned to moderate or intensive antihypertensive treatment. Within the moderate-treatment and intensive-treatment groups, patients were further randomly assigned to receive either nisoldipine or enalapril as a firstline antihypertensive medication. The primary objective of the study was to determine the relative effects of moderate and intensive blood-pressure control on the change in the creatinine clearance rate among both the normotensive and the hypertensive patients, all of whom had NIDDM. The design of the ABCD Trial has been described previously. 19 The study was approved by the institutional review board of the University of Colorado Health Sciences Center. All patients gave written informed consent.
Study Participants
The patients enrolled in the ABCD Trial were between the ages of 40 and 74 years at the time of recruitment and were identified according to diagnosis-related groups from the pharmacy and billing lists of participating health care systems in the Denver metropolitan area. All patients in the ABCD Trial had NIDDM, diagnosed according to criteria based on those of the World Health Organization report of 1985. 20 All enrolled subjects had diastolic blood pressure of 80 mm Hg or higher and were receiving no antihypertensive medications at the time of randomization. Patients were excluded if they had a known allergy to dihydropyridine calcium-channel blockers or ACE inhibitors, had had a myocardial infarction or cerebrovascular accident within the previous six months, had undergone coronary-artery bypass surgery within the previous three months, had had unstable angina pectoris within the previous six months, had New York Heart Association class III or IV congestive heart failure, had an absolute need for therapy with ACE inhibitors or calcium-channel blockers, were receiving hemodialysis or peritoneal dialysis, or had a serum creatinine concentration greater than 3 mg per deciliter (265 m mol per liter).
Base-Line Evaluation
During a single-blind placebo run-in period lasting 7 to 11 weeks, all base-line studies were performed. 19 Cardiovascular disease was identified at base line in patients who met one or more of the following criteria: (1) coronary artery disease, indicated by the patient's report of a previous myocardial infarction, coronary-artery bypass graft, or angioplasty, electrocardiographic findings consistent with a previous myocardial infarction, or a baseline treadmill exercise test that was positive for cardiac ischemia; (2) angina, identified by means of the Rose questionnaire 21 ; (3) cerebrovascular accident, reported by the patient; (4) congestive heart failure; (5) abnormal ankle-brachial index, defined as a value less than 0.95 22 ; and (6) evidence of left ventricular hypertrophy on the base-line electrocardiogram. Details of the studies performed have been reported previously. 23 
Randomization and Therapy
After the placebo run-in period, each patient's mean base-line diastolic blood pressure was determined at two separate visits. The study population was subsequently divided prospectively into two cohorts, a group without hypertension (mean base-line diastolic blood pressure, 80 to 89 mm Hg) and a group with hypertension (mean base-line diastolic blood pressure, у 90 mm Hg). In the normotensive cohort, patients were randomly assigned to one of two treatment strategies: intensive treatment with the goal of decreasing the diastolic blood pressure by 10 mm Hg from the mean base-line value (with further random assignment to receive either nisoldipine or enalapril), or moderate treatment with no intended change in the base-line diastolic blood pressure (these patients were thus randomly assigned to receive placebo). Thus, in the normotensive group, 50 percent of the patients received placebo, 25 percent nisoldipine, and 25 percent enalapril. A similar approach was used for the patients with hypertension. Patients were randomly assigned either to intensive treatment, with a target diastolic blood pressure of 75 mm Hg, or to moderate treatment, with a target diastolic blood pressure of 80 to 89 mm Hg. Unlike the normotensive group, however, all the patients with hypertension received active treatment (50 percent nisoldipine and 50 percent enalapril).
Patients assigned to active study medication received either nisoldipine (Sular, Zeneca, Wilmington, Del.; 10 mg per day, with increases to 20, 40, and 60 mg per day, plus placebo for enalapril) or enalapril (Vasotec, Merck, Whitehouse Station, N.J.; 5 mg per day, with increases to 10, 20, and 40 mg per day, plus placebo for nisoldipine). The drugs and placebos were administered in a double-blind manner. If the single study medication assigned did not achieve the target blood pressure, then open-label antihypertensive medications were added in a stepwise fashion until the target blood pressure was achieved. The open-label antihypertensive medications included metoprolol and hydrochlorothiazide. Additional antihypertensive medications were added at the discretion of the medical director of the study, but these did not include a calcium-channel blocker or ACE inhibitor.
End Points
In both the cohort with hypertension (470 patients) and the cohort without hypertension (480 patients), the primary end point was the effect of intensive or moderate blood-pressure control on the change in the 24-hour creatinine clearance, which was assessed every six months. 19 Secondary end points included the effect of intensive as compared with moderate blood-pressure control on the incidence of cardiovascular events, retinopathy (determined by stereoscopic retinal photography 24 ), clinical neuropathy, 25 urinary albumin excretion, 26 and left ventricular hypertrophy (as measured by M-mode echocardiography 27 ).
All cardiovascular events were reviewed by an independent endpoints committee whose members were blinded to the patients' assigned treatment groups. Cardiovascular outcomes were defined as death due to cardiovascular events (sudden death, progressive heart failure, fatal myocardial infarction, fatal arrhythmias, cerebrovascular accidents, or ruptured aortic aneurysm); nonfatal myocardial infarction; nonfatal cerebrovascular accident; heart failure requiring hospital admission; or pulmonary infarc-tion. Data on all hospital admissions that appeared to be related to a cardiovascular event were reviewed by the end-points committee.
The diagnosis of myocardial infarction was based on medical records reviewed by the end-points committee. For myocardial infarction to be diagnosed, the patient had to have at least two of the following: a history of retrosternal pain, with or without radiation to the shoulder, arms, jaws, or abdomen, that lasted at least 30 minutes and did not respond to nitroglycerin during the attack; electrocardiographic abnormalities indicative of myocardial infarction; and changes in the concentrations of one or more of the enzymes creatine kinase, aspartate aminotransferase, and lactate dehydrogenase.
After 67 months of study, the Data and Safety Monitoring Committee observed a significant difference in the rate of cardiovascular events between the subgroups of patients treated with the two study drugs in the hypertensive cohort only. On the basis of this information, the committee recommended the discontinuation of nisoldipine therapy among the patients with hypertension and the continuation of blinded therapy among the normotensive patients. This report focuses only on the findings in the hypertensive cohort.
Statistical Analysis
SAS software (SAS Institute, Cary, N.C.) was used for all statistical analyses. When examining cardiovascular end points (nonfatal myocardial infarction, cerebrovascular accidents, congestive heart failure requiring hospital admission, death from cardiovascular causes, and the combined end point of nonfatal and fatal myocardial infarction), we used chi-square analysis to examine the univariate relation between each cardiovascular end point and the study-drug assignment. A multiple logistic-regression model was used to examine the effect of the assigned drug, with adjustment for other known or suspected cardiovascular risk factors. In addition, a multiple logistic-regression model was used to test for an interaction between the study-drug assignment and the blood-pressure-control intervention. All values are reported as means Ϯ SD.
A survival-analysis approach was also used to compare the survival curves between the patients randomly assigned to enalapril with those randomly assigned to nisoldipine. The survival analyses were performed in three ways: with Kaplan-Meier survival curves for groups of patients randomly assigned to the two study drugs; with a proportional-hazards regression model incorporating the randomly assigned drug; and with a proportional-hazards regression model incorporating a time-dependent variable accounting for exposure to the study medication.
The first two approaches followed the intention-to-treat principle, whereas the third approach took into account the actual time intervals during which study medication was received by each patient. The Kaplan-Meier survival analysis was performed according to the LIFETEST procedure (SAS version 6.12), which calculates a nonparametric estimate of the survival distribution. For the proportional-hazards regression models, we used the PHREG procedure (SAS version 6.12), which generates a semiparametric regression analysis of survival data based on the Cox proportional-hazards model and allows time-dependent covariates to be introduced into the model. Table 1 shows the base-line characteristics of the subjects with hypertension according to their random assignment to nisoldipine or enalapril. Patients assigned to receive enalapril had a significantly lower high-density lipoprotein (HDL) cholesterol concentration (P ϭ 0.03). As Table 2 shows, a higher percentage of patients randomly assigned to receive enalapril had an abnormal ankle-brachial index (P ϭ 0.008) and evidence of angina on the Rose questionnaire (P ϭ 0.02), as compared with those assigned to receive nisoldipine. Figure 1 shows the level of blood-pressure control in the groups given the two study medications throughout the study; no significant differences were seen. Ninety-nine patients in the enalapril group took a beta-blocker, as compared with 89 patients in the nisoldipine group (P ϭ 0.035). One hundred nineteen patients assigned to enalapril took a diuretic agent, as did 93 assigned to nisoldipine (P ϭ 0.02). Figure 2 shows that the concentrations of glycosylated hemoglobin and total cholesterol were similar in the patients assigned to the two study medications. Other metabolic variables, such as the low-density lipoprotein cholesterol and triglyceride concentrations, the number of patients who smoked, and the number of pack-years of smoking, also did not differ significantly between the patients assigned to enalapril and those assigned to nisoldipine.
RESULTS
Cardiovascular Events
In the enalapril group, there were 5 deaths due to cardiovascular disease, as compared with 10 in the nisoldipine group (Table 3) . There were fewer myocardial infarctions in the enalapril group than in the nisoldipine group (nonfatal myocardial infarctions, 5 vs. 22; P ϭ 0.001 by the chi-square test; fatal and nonfatal myocardial infarctions combined, 5 vs. 25; P ϭ 0.001 by the chi-square test) ( Table 3 ). The rate of myocardial infarction during the five-year study period was nearly one per year in the enalapril group as compared with roughly five per year in the nisoldipine group. This relation was maintained among both the patients assigned to intensive treatment (12 fatal or nonfatal myocardial infarctions among patients given nisoldipine, as compared with 4 in the enalapril group; P ϭ 0.03 by the chi-square test) and those assigned to moderate treatment (13 and 1, respectively; P ϭ 0.002 by the chi-square test). As Table  3 shows, the adjusted risk ratio for the nisoldipinetreated patients as compared with those given enal- Intensive-Treatment Group Diastolic Systolic april was 7.0 (95 percent confidence interval, 2.3 to 21.4) for the combined end point of fatal or nonfatal myocardial infarction. In addition, a test for interaction between study-drug assignment and bloodpressure-control strategy showed that no interaction was present. Two of the 5 patients with myocardial infarction in the enalapril group had had a previous myocardial infarction, noted at base line, as compared with 2 of the 25 patients in the nisoldipine group (Pϭ0.12).
In the Kaplan-Meier survival analyses, the survival curves appeared to separate early and remained distinct. Both the log-rank test and the Wilcoxon test (PϽ0.001) and the proportional-hazards regression model (PϽ0.001) showed a significant difference between the two drugs. When a time-dependent covariate reflecting exposure to the drug was introduced into the model, the results did not change (PϽ0.001). This finding indicates that patients taking nisoldipine were more likely to have a myocardial infarction and to have one earlier than patients taking enalapril. Total Cholesterol (mg/dl) *CI denotes confidence interval. †The risk ratios have been adjusted for base-line variables, which include age, sex, duration of diabetes, duration of hypertension, history of coronary artery disease, systolic and diastolic blood pressure, pack-years of smoking, body-mass index, the concentrations of glucose, glycosylated hemoglobin, use of lipid-lowering medications, total cholesterol, HDL cholesterol, and triglycerides, ankle-brachial index, and use of beta-blockers and diuretic agents. Seventeen subjects were not included because of missing data on glycosylated hemoglobin values (7 subjects), pack-years of smoking (2), HDL cholesterol concentration (3), and ankle-brachial index (5) . ‡The risk ratio was not adjusted for the use of lipid-lowering medications and beta-blockers because of collinearity. The New England Journal of Medicine Table 4 shows the reasons for the discontinuation of the study medication by 142 patients in the nisoldipine group and 129 in the enalapril group (Pϭ0.225). Significantly more patients discontinued nisoldipine than enalapril because of headaches (Pϭ0.009). Significantly more discontinued enalapril because of malaise or fatigue (Pϭ0.005) or uncontrolled hypertension (Pϭ0.04). Patients continued to receive the study medication after a myocardial infarction unless their primary care physician requested that it be discontinued.
Reasons for Discontinuation of the Study Medication
DISCUSSION
The ABCD Trial was designed to compare the effects of blood-pressure control at different intensities and of different types of antihypertensive medications on complications of diabetes. The intentionto-treat analyses of the data from a mean of five years of follow-up of the cohort with hypertension demonstrated a significantly lower rate of fatal and nonfatal myocardial infarctions among the patients randomly assigned to the ACE inhibitor enalapril than among those assigned to the calcium-channel blocker nisoldipine.
Since the findings were based on a secondary end point of the study, the results should be interpreted cautiously. Nonetheless, there was a significantly lower incidence of myocardial infarction in the enalapril group, despite the potentially higher base-line risk of cardiovascular events in that group. Specifically, patients randomly assigned to receive enalapril had lower HDL cholesterol concentrations and a higher prevalence of an abnormal ankle-brachial index, which has been shown to be an independent predictor of death from cardiovascular causes, 28, 29 on entry into the study. Moreover, the difference between the two study medications was still striking after adjustment for other variables that may influence the incidence of cardiovascular end points.
Another confounding variable that may have affected our results was the percentage of patients who discontinued the assigned study medication. The rate of discontinuation was not significantly different for the two drugs. In an attempt to address this concern, we performed time-to-event analyses that also included a time-dependent covariate reflecting exposure to the drug. The results indicated that the survival curves for the two drugs differed significantly. Not only were patients assigned to enalapril less likely to have a myocardial infarction, but the time to a first event was longer than among the patients assigned to nisoldipine, thus further corroborating the results. The current report does not include findings in the normotensive cohort of the study, since the Data and Safety Monitoring Committee did not find a significant difference between the patients assigned to the two medications with respect to cardiovascular events. By the design of the study, 50 percent of the normotensive patients were receiving the study medication and 50 percent placebo. Thus, only 25 percent of the patients without hypertension were receiving nisoldipine, and 25 percent were receiving enalapril; the power of this portion of the study to detect significant differences was therefore limited. This portion of the study is still ongoing.
Despite their potential benefits, much controversy has arisen recently regarding calcium-channel blockers. [30] [31] [32] [33] [34] A number of recent retrospective studies have demonstrated an association between the use *PϽ0.05 for the comparison with the nisoldipine group, by the chi-square test. †The patients' physicians recommended that they switch to open-label therapy with an angiotensin-converting-enzyme inhibitor. ‡Coronary artery disease was diagnosed when the patient had one or more of these findings: angina, a positive thallium test, or a positive angiogram that resulted in a decision by the primary care physician to switch to open-label medication. of calcium-channel blockers (specifically nifedipine) and cardiovascular morbidity. 16, 17 Thus, it is important to consider whether enalapril reduces the risk of myocardial infarction, whether nisoldipine increases the risk of myocardial infarction, or whether a combination of these effects occurs. Although comparisons with historical controls are not ideal, the rate of myocardial infarction among patients with NIDDM who were randomly assigned to therapy with nisoldipine in our study (10 percent over a period of five years) is not significantly different from that in other recent studies of patients with NIDDM (6 to 14 percent over a five-year period). [35] [36] [37] Therefore, it is plausible that our findings resulted from a protective effect of enalapril. It should be stressed, however, that in the present study, we cannot distinguish among a deleterious effect of nisoldipine, a protective effect of enalapril, and a combination of both as the reason for the difference we observed. In summary, a prospective, randomized, blinded clinical study in a population of patients with NIDDM and hypertension demonstrated that treatment with enalapril for a mean of five years was associated with a lower incidence of myocardial infarction than was treatment with nisoldipine for the same period. Since our findings are based on data on a secondary end point, the conclusions regarding the use of calcium-channel blockers and ACE inhibitors in patients with NIDDM must be evaluated on the basis of the results of other clinical trials. In any case, our data indicate that an ACE inhibitor is the preferred antihypertensive agent, rather than a dihydropyridine calcium-channel blocker, for the prevention of cardiovascular complications, specifically myocardial infarction, in patients with NIDDM. 
